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I. Introduction 
 
The Health Sciences Library at the University of North Carolina at Chapel Hill 
serves the information needs of the scientific campus community.  Their primary 
responsibilities are to the Schools of Medicine, Dentistry, Public Health, Nursing, and 
Pharmacy, with secondary responsibilities to any medical, clinical, or scientific 
requirements of the remaining schools comprising UNC-CH, the health practitioners, and 
citizens of North Carolina. 
As stated on their home page, their primary mission is to “[manage] information 
and knowledge to advance health.”  This broad statement encompasses all of the patrons 
above, but more importantly, indicates the Health Sciences Library’s focus and 
commitment as a branch of UNC’s library system.  It is a gathering point for information, 
whether that information is electronic or paper-based, and disseminates access to these 
resources across the state.   
One of the ways in which this information management is accomplished is 
through creating and maintaining health systems that are “accurate, reliable, integrated 
information and knowledge systems” such as the current UNCLE (UNC Literature 
Exchange), and the developing DIG project that will replace UNCLE.  In choosing my 
Field Experience, I sought out Barrie Hayes, the administrator of UNCLE, and dovetailed 
my project with the growing need for bioinformatics information dissemination on 
campus.  I have answered this desire for a knowledge management system to manage
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targeted information and have created a bioinformatics knowledge system for the Health 
Sciences Library to use when tracking current research in bioinformatics at UNC. 
I felt that this resource was necessary since over the past ten years, genomics and 
proteomics research has become continuously more efficient and integrated with the 
clinical milieu (Martin-Sanchez 2004).  Advances are made on a regular basis, and the 
exploding amount of raw data is quickly outstripping researchers’ abilities to analyze and 
extract meaning from this data.  Bioinformatics itself is defined as the study of how 
access to these gene sequences, protein sequences, and information about them can be 
optimized, and genomics and proteomics analysis tools, research, and innovation have 
fallen into this category.  Here at UNC, bioinformatics research has focused on 
challenges in drug design and clinical disease analysis in order to answer the questions 
researchers have in the five major schools that the Health Sciences Library supports, and 
particularly in the Schools of Medicine and Pharmacy.   
Bioinformatics itself is a diverse discipline, though, drawing from more than these 
two schools and including the areas of biochemistry, computer science, and genetics, to 
name a few of the essential components in bioinformatics.  With the breadth of faculty 
and departments involved in answering bioinformatics challenges, oftentimes there is no 
central directory on a campus.  Not all involved parties interact with the Health Sciences 
Library or any of their affiliated schools, leading to breakdowns in communication.  My 
hope for this database is that it will direct researchers to other faculty members working 
on similar topics, but in different departments.  I also hope to provide a way for incoming 
graduate students to identify what bioinformatics services and research projects are 
active, and hopefully influence them favorably towards attending UNC-CH by 
5  
demonstrating the vitality of facilities and research on UNC’s campus, aiding in 
communications among all involved departments. 
This database directory indexes core facilities and departments that provide 
services to researchers, faculty members that are actively involved in research pertaining 
to bioinformatics, databases that faculty have created or collaborated in that answer 
particular bioinformatics needs, and documents how all these components interact with 
each other.  I have attempted to capture the complex interactions that exist on UNC’s 
campus, and ensure that Health Sciences Library staff knows how to expand and update 
this database after my graduation in May of 2004. 
The database was created in Microsoft Access and will be migrated to MySQL 
during the fall of 2004.  The Web interface was created in HTML and completed under 
the supervision of Barrie Hayes, who has previously coordinated other large database 
projects as mentioned above.  Dr. Brad Hemminger was the Field Experience Faculty 
Supervisor. 
 
II. Statement of Problem 
 
On a large campus such as UNC, where so many schools, departments, individual 
faculty members, and core facilities are involved in research that is applicable to 
bioinformatics, keeping track of all branches and resources available to researchers on the 
campus is quite a challenge.  To answer this need for a specific index of bioinformatics 
resources, I decided to create a database that houses this information and allows free-text 
searching, described in the introduction.  There are a few different needs that I hoped to 
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answer with this database, from the faculty’s perspective, an incoming student’s 
perspective, as well as other possible user groups. 
Some faculty members have expressed interest in finding co-authors for journal 
articles through discovering which UNC faculty members have particular expertise, such 
as microarray analysis, or experience in running enzymatic assays.  Identifying these 
individual skills and research interests is one of the goals that I have hopefully answered, 
supplementing the Community of Science available through the Grant Source Library at 
UNC.  In order to answer this need, I created a column for research interests for each 
faculty member.  When indexing the faculty member’s research, I focused more on 
concrete skills that researchers had, as opposed to broad research statements.  I also 
included the databases and software that they had developed, which gives a concrete 
example of how their research has been applied in their area of expertise. 
While talking to a contact at the Carolina Center for Genome Sciences, it 
reinforced my original idea for a general survey of the breadth of resources available on 
campus.  There are many core facilities on campus, each of which answer a different 
need and have extensive resources and services.  However, no comprehensive listing 
exists, since each set of core facilities belongs to different branches of the Medical 
School or other departments and can have different limitations on who is allowed to use 
these facilities.  This database can be a resource for discovering the breadth of services 
that are available on campus for incoming graduate students, or students who are already 
here but interested in a particular analysis technique for genomic or proteomic data 
analysis.  Oftentimes the graduate student’s laboratory group can provide a single answer 
from prior experience, but I hope to provide options for cost, expertise, or simply 
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curiosity when a particular bioinformatics service is required.  Off-campus researchers 
can also benefit from this database, since it provides the access policy of each service, 
whether fees are required, and any other restrictions on use, as well as providing a sense 
of the resources available if the researcher were to be hired at, or visited, UNC. 
This is one of the reasons why keeping this database current is so important, since 
once the information has fallen out of date, it is of little use to laboratories which have a 
much more accurate picture of the bioinformatics resources on campus, or to visitors who 
find that the service they anticipated using is no longer available.  Somewhat current lists 
compiled by the Carolina Center for Genome Sciences, the Carolina Cardiovascular 
Biology Center, the School of Dentistry, the School of Medicine, and an official list by 
the University of North Carolina do exist, but none are targeted towards bioinformatics 
research on campus.  Maintaining this database in a complete and timely fashion is vital 
to providing an accurate, useful, and unique service. 
 
III. Literature Review 
  
 Databases have been an important way of organizing and retrieving information 
for quite a while, particularly with the advent of Microsoft Access, Oracle, and other 
ready-made database products that simplify the idea of gathering information in relational 
tables.  However, all of these packages follow certain rules that have been defined 
through research and practical experimentation with databases to create a set of database-
specific considerations that characterize a properly constructed database. 
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 Designing relational databases has been an often studied problem over time, 
beginning in the late 1960’s and continuing to present day.  The first major revolution in 
database design began with the idea of normalizing database schemas to fit major rules.  
Normalization has two functions, first to make sure that the same data is not repeated 
more than once in a given database, eliminating redundancy.  The second function is to 
ensure that database dependencies are logically connected through designing tables that 
encapsulate only closely related information (Chapple 2004).  There are five types of 
normalization schemes, first through fifth normal forms, although there is another normal 
form referred to as the Boyce-Codd normal form (Codd 1970, 1972).  The fourth normal 
form was introduced shortly after the Boyce-Codd normal form and is often used to parse 
multivalued dependencies (Fagin 1977).  Fifth normal form is rarely used in practice, 
since the restrictions make many databases impossible to build while complying with the 
rules for this form and third or Boyce-Codd normal forms will work just as well (Chapple 
2004).  For detailed definitions of these forms, please see the online reference. 
Functional dependencies are another major component of a proper database 
design, with major work occurring in this area during the late 1970’s and early 1980’s.  
According to Beeri’s work on the subject, including those for multivalued dependencies, 
each table should follow third normal form and include relevant information that is tied to 
the superkey, or unique identifier, of the table (Beeri 1977, Zaiane 1998).  Carefully 
defining functional dependencies will allow the database designer to separate information 
that is independent of the superkey of the table.  This will allow proper Boolean 
searching of the many attributes and entities of the database in the future and improve the 
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eventual query results since the database will have to search only the relevant tables and 
not retrieve unrelated information in the same tuple, or row, as the desired information. 
The idea of distributing functions among different portions of the database and 
server has been around since the 1980’s to improve processing time of queries (Hagmann 
1986).  Since speed of queries is one of the major priorities when creating and 
administering a database, I anticipated ways to minimize this processing time using the 
lessons learned from older, slower machinery during the 1980’s.  Lookup tables were 
incorporated into the database as often as possible with linked controlled vocabularies.  
This allows the minimum amount of information to be retrieved for a given query, since 
the less information retrieved from the database, the faster the processing time.  While 
there is only one server involved in today’s databases, integrating the Web search engine 
and the back-end database can be seen as an equivalent to having a front-end and back-
end server, and reducing the number of times these two components must interact for a 
given query will significantly reduce processing time as well. 
As database software packages were created, the idea of referential integrity was 
incorporated into many of them.  This is a choice where, if checked, an entry cannot be 
created in a relationship unless the components of the entry already exist in their 
respective entities.  There is also a choice of cascade update and cascade delete functions 
related to referential integrity, where when an entry in the entities is updated or deleted, 
the system searches through the linked relationships and erases the entry in those places 
as well.  Recent research has studied the role of referential integrity in databases, 
particularly in inherited databases where referential integrity is included after the 
formation of the database, a much more difficult scenario (Rivero 2002). 
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There have also been many studies on user interactions with databases, and how 
best to organize the data and the search capacity of the database to increase usability and 
percentages of correct answers to the users’ queries.  One of the earliest to study this 
problem was Shneiderman in 1978 where he discovered that natural language is an 
acceptable search strategy for users, as well as a manual instructing the user how to 
search.   However, he cautioned that often, familiarity with the database’s structure 
significantly improves natural language searching, whereas those without any preparation 
or prior database knowledge often produce invalid queries initially.  He also enumerated 
many of the tasks that users are expected to perform, and attempted to address new ways 
to answer these tasks through programming languages.  Since then, many of these 
conclusions have been reinforced, particularly in smaller databases such as the one I am 
building. 
All of this research has culminated in a set format for databases that improves the 
efficiency and usability of the final product.  I used as many of these schemes as possible 
when designing and refining the database to decrease the work the future database 
administrator will have to include to keep the database current.  Luckily, databases tend 
to be heavily documented tools, and thirty years of research has led to many sources and 
examples of model databases.   
  
IV. Project Scope 
 
For this project, I began work on this database in late January as my Field 
Experience at the Health Sciences Library under Barrie Hayes.  I initially intended to 
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compile a searchable links directory of world-wide bioinformatics databases to answer 
the problem of finding the appropriate database for the genetic or protein sequence 
searched.  However, the University of British Columbia produced a complete product that 
performed this function in late January and my project had to change, hence the late 
starting date for this local bioinformatics database. 
Because of this late start date, I was not able to code the integration of the Web 
interfaces and the back-end database in time for this master’s paper to be complete by 
April 2004, although this is planned for the upcoming summer of 2004 under the auspices 
of the Health Sciences Library.  However, for the purpose of this paper, my scope 
included capturing the bioinformatics services available, involved faculty and 
departments, and bioinformatics databases created at UNC, and performing a short 
survey to solicit feedback on the database’s utility and Web interface user design.   
Specific objectives given for this project were: 
1. Gain practical experience at designing, building, documenting, and Web-
mounting a database-driven system. 
2. Develop my knowledge of bioinformatics resources available on a typical large 
research university’s campus. 
3. Examine probable trends for the future of the rapidly expanding bioinformatics 
discipline through consultation with Health Sciences Library bioinformatics team 
members and with bioinformatics faculty as the project develops. 
4. Develop a data management utility to enable future expansion and maintenance of 
this local bioinformatics resources database by Health Sciences Library staff. 
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I feel that all of these were appropriately met, through my work around campus 
and through the bioinformatics team at the Health Sciences Library, consisting of Barrie 
Hayes, KT Vaughan, and Margaret Moore.  The only area where I was unable to 
complete this project was in creating the live database-Web interface unit for immediate 
patron usage. 
 
V. User Analysis 
 
 Since this will be an open access database through UNC’s Health Sciences 
Library website, the user base is potentially extremely large.  Anticipated local users 
include faculty involved in bioinformatics research at UNC, their graduate students, and 
the laboratory staff that perform some experiments.  Librarians are also expected to use 
this database in the event of a query from a patron about bioinformatics resources 
available on campus, or local databases that could analyze a sequence.   
 Beyond this core group of UNC users, however, there is the potential for a much 
more national response.  Many incoming graduate students, once they have been 
accepted, would like to know what facilities, resources, and services will be accessible 
for their research.  For these incoming students, this resource will be a fine browsing tool 
to give them a sense of the breadth of research ongoing at UNC, not just in the laboratory 
that accepted them.  There are many services on UNC’s campus that are available to all 
Triangle researchers, or all world-wide researchers, and these groups of users might also 
access this database to discover which services are open to them. 
For these user groups, there are a set number of anticipated tasks. 
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1. UNC faculty members: 
a. Investigate the research interests and specific skills of other faculty 
members. 
b. Inform themselves and their laboratories of all departments that provide 
services such as microarrays or biostatistical analyses. 
c. Discover databases that other faculty members have created or 
collaborated on in order to gain an understanding of completed practical 
research applications at UNC. 
2. New and incoming graduate students: 
a. Identify all departments that provide services such as microarrays or 
biostatistical analyses 
b. Identify faculty that relate to their research interests, and increase 
communication between branches of bioinformatics researchers. 
3. National and Triangle researchers: 
a. Locate laboratory equipment, services, and databases that they are allowed 
to use at UNC, and whether a fee is required. 
b. Discover faculty members at UNC who they can collaborate with for grant 
funding and future research. 
4. Librarians:  
a. Direct patrons to appropriate faculty, databases, or departments if local 
bioinformatics information is required. 
b. Instruct patrons in the most efficient way to retrieve information from this 
database. 
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5. Database Administrator: 
a. Provide this resource for the use of all the groups listed, maintain and 
update the database, and troubleshoot problems as they arise. 
With these diverse user groups, many different requirements had to be considered 
in the design of the database to allow responsibilities to be divided. 
First of all, I had to make sure that the database’s structure allowed all of the 
requirements above to be answered.  While it is often difficult to capture the entirety of a 
faculty member’s research, I decided to focus on concrete skills, such as running assays 
or microarrays, as opposed to vague statements such as “interest in DNA analysis.”  This 
will allow free-text searching to answer both the question of what department might be 
able to run microarrays for the researcher, but also what other faculty members might 
have expertise in either running microarrays or analyzing the data.  I hope by using 
controlled vocabularies in as many places as possible and encapsulating most information 
in single words or short phrases, a simple search will bring up the highest number of 
relevant results for all user groups. 
Terminology in particular required some major reworking.  The titles I used in 
Access were short and easy for those familiar with the database’s structure to understand, 
but from a user’s perspective, these titles do not include the breadth of what is in each 
category.  For example, “Department” can mean academic department, or core facility, 
depending on the entry.  To remedy this, I had to seriously rework the wording when I 
began running sample queries and designing the Web interface. 
I also prepared a short Web survey that will assess potential users’ opinions 
towards both the types of data stored in the database and how this data can be retrieved as 
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well as the user design of the Web interface.  For further details on this, see Section VI on 
Web interface design, Section VII on the survey and limited results received by the April 
12th deadline for the master’s paper, and Appendix A. 
 
VI. System Analysis 
 
In order to capture the diversity of resources and their interactions on UNC’s 
campus, I modified my former database of world-wide bioinformatics databases, since 
the anticipated variety among those resources was even greater.  Adding categories for 
people, department, services, and how all these interact led to the final entity-relationship 
(ER) diagram. 
 
Figure 1 - ER diagram for the UNC bioinformatics database 
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Before translating this ER diagram into Microsoft Access, I created a box diagram 
that gave specific characteristics to each attribute and entity. 
 
Figure 2 – Box diagram of UNC bioinformatics database 
After these diagrams were complete, I created a companion piece of operational 
definitions for each attribute as a reference document.  Hopefully this will minimize 
confusion for future administrators of this database when they are maintaining and 
updating the content. 
Table 1 – Operational definitions of the UNC bioinformatics database 
Entities Definition
Department All departments on UNC’s campus or affiliated with UNC that are 
actively involved in bioinformatics. 
People All people, including faculty, department administrators, and service 
contacts that are involved in UNC bioinformatics. 
Faculty A subset of People: comprehensive listing of UNC faculty involved 
in bioinformatics research. 
Contacts A subset of People: the primary contact’s information for Services 
and Department. 
Database Any local collection of information in bioinformatics, or algorithms 
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designed by faculty, that can be utilized by scientists at UNC outside 
of the database creator’s research group. 
Data Type Type of data each database or service uses or provides, usually 
biological, but not necessarily so. (i.e. Literature, Software, DNA 
sequences, Protein sequences) 
Services Any services furnished by UNC departments for use of other UNC 
scientists (i.e. molecular weight, microarrays, spectroscopy, etc). 
Organism List of organisms that UNC bioinformatics resources focus on. 
Search Method List of ways databases search data 
Access Policy List of policies limiting access for databases or services 
Responsibility List of who accomplishes department services 
Articles Articles published about the faculty’s database. 
 
Relationships Definition
Department 
Services
Associates the service offered with its sponsoring department. 
People’s 
Department
Associates all people with their department(s). 
Searches Defines the data elements that are searched and the search method 
(i.e. homolog searching, direct data comparison, structure 
comparison). 
Organism 
Services
Associates the particular department service with the organism it 
specializes in (i.e. human or mouse microarrays). 
 
Attribute Definitions
Database
    DBID ID given to each database – primary key 
    Name Official name given to the database – long form 
    Nickname Optional “common” name of the database 
    URL Web address of the database 
    Description Free text description of the database, if possible, taken from the 
homepage 
    AccessPolicy ID of limits on access from inside/outside UNC, if any. 
    Formats Formats allowed for searching (i.e. FASTA, PDB, text) 
    Submissions Does the database allow submissions of data? 
    FTP Can the database be downloaded from an FTP site for local use? 
    Curated Is the database curated, partially curated, or non-curated? 
    Status Active, limited, or discontinued database 
    PID ID of the contact for the database 
Organism
    OrgID Organism’s ID – primary key 
    Organism Common name of the organism that the database focuses on 
   ScientificName Scientific name of the organism 
Searches
Method ID of how the database searches (i.e. homolog searching, direct data 
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comparison, structure comparison) – primary key (part of compound 
key) 
SearchMethod
    MethodID ID of search method 
    Description Text description of searching 
Data Stored
    DataID ID for data type – primary key 
    Type Type of data stored (i.e. DNA, RNA, Literature, Software) 
    Description Free text description of data – biological definitions abstracted from 
Brenner, Sydney and Miller, Jeffrey H. eds. The Encyclopedia of 
Genetics. v. 1-4, San Diego, Ca: Academic Press, 2002. 
Department
     DeptID Department ID – primary key 
     Name Name of department 
     Website Official website for the department 
People
    PersID ID given to each person – primary key 
    FName First name of person 
    LName Last name of person 
    Email Email address of person 
    Office Address of office 
    Phone Phone number 
    Fax Fax number 
Faculty
    
ResearchInterest 
Free text description of faculty member’s skills and research 
    Homepage Web page of faculty 
Contacts
    Dr. Is the contact a PhD or not? 
    Title Official job title of contact 
People’s Department
    DeptContact Yes/no for whether the person is the official department contact 
Services
   ServiceID ID of service – primary key 
   Name Brief name 
   Description More extended description 
Department Services
    CompositeID Composite ID summing up DeptID, DataID, and ServiceID as a 
unique identifier 
    AccessPolicy ID of limits on access from inside/outside UNC, if any. 
    Responsibility ID for laboratory-run tests, or requiring personal knowledge of the 
equipment 
AccessPolicy
    AccessID ID of each policy 
    Description Description of each policy 
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Responsibility
     RespID ID for each responsibility option 
     Description Description of each responsibility option 
Articles
    ArticleID Number assigned to the article in the database – primary key 
    Author1 First author 
    Author2 Second author 
    Author3 Third author 
    Others Yes/no check box if more than three authors – yes = et al) 
    Title Title of the article 
    Source Journal title 
    Year Year of publication 
    Volume Volume number 
    Issue Issue number 
    Pages Page numbers 
    URL If available, URL of the article 
    DBID ID of the database the article is associated with 
 
The final relationship schema is as follows: 
 
DATABASE (DBID, name, nickname, description, URL, access policy, formats,  
 
                FK 
submissions, curated, status, PID) 
 
   FK   FK            FK 
SEARCHES (DBID, dataID, method) 
 
SEARCH METHOD (methodID, description) 
 
ARTICLES (articleID, author1, author2, author3, others, title, source, year, volume,  
 
              FK 
  issue, pages, URL, DBID) 
 
PEOPLE (persID, fname, lname, email, office, phone, fax) 
 
          FK 
FACULTY (PID, research interest, homepage) 
 
  FK 
CONTACTS (PID, dr, title) 
 
DEPARTMENT (deptID, name, website) 
 
         FK   FK 
PEOPLE’S DEPARTMENTS (PID, deptID, deptcontact) 
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SERVICES (serviceID, name, description) 
 
DATA TYPE (dataID, type, description) 
 
        FK            FK         FK                 FK 
DEPARTMENT SERVICES (compositeID, deptID, dataID, serviceID, accesspolicy,  
 
     FK 
      responsibility) 
 
ACCESS POLICY (accessID, description) 
 
RESPONSIBILITY (respID, description) 
 
ORGANISM (orgID, organism, scientificname) 
 
             FK            FK 
ORGANISM SERVICES (orgID, composID) 
 
After these preliminaries were complete, I converted this schema into Microsoft 
Access, modifying my older database template to conform to this new project.  The final 
relationship window in Access was this: 
 
Figure 3 – Screenshot of Microsoft Access relationships 
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Once the database was in place, I began data entry for about 5 weeks as I strove to 
discover the many core facilities, update dead links on Internet pages and in my database, 
and searched faculty members’ Web pages to identify any software or algorithms that 
they had created in their research areas or laboratories.  This process was more time-
consuming then I had initially anticipated, since there was a significant lack of 
interlinking between the diverse departments involved.  When I was assured I had 
approximately 90-95% of the existing bioinformatics resources, I proceeded to develop 
the Web interface that will interact with the back-end Access database. 
Security concerns were minimal for this project.  All contact information for 
faculty and administrators was found on the Internet or in UNC’s directory, and is 
therefore public domain.  The databases are links only as there was no need or server 
space to locally host the data and source codes.  If registration is required, that is noted in 
the access policy, and it is up to the individual user to take the appropriate steps to 
register.  All database files are read-only, prohibiting changes by anyone but a database 
administrator at the Health Sciences Library, currently Barrie Hayes.  The database itself 
is housed on the Health Sciences Library server, requiring an ID and password to reach 
the base files.  Overall, I was confident that there will not be major corruption of data 
from outside influences for this project. 
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VII. Web Interface Design 
 
I attempted to match the interface to the look and feel of the Health Sciences 
Library websites, since current plans are to house the database on their server.  Originally 
I was going to use the banner atop their prototype interface (http://prototype.hsl.unc.edu), 
and matched the colors of the interface to that banner.  However, upon further discussion 
with Ms. Hayes, it was decided to keep this interface as a clearly labeled Field 
Experience and Masters Project.  This led to the version below that mentions the joint 
responsibility of the Health Sciences Library and School of Information and Library 
Science in the formation of the database.  While the Health Sciences Library will most 
probably maintain primary responsibility for the content and upkeep of the database, the 
official banner can always be added later.  In addition, there will eventually be an alias 
email pointing to the database administrator or Web designer for comments and changes, 
but currently I placed a general link to the Health Sciences Library home page.   
The side bar required some consideration of the scope of the database, and in the 
end I decided to broaden the Web interface’s scope over the database to help users 
unfamiliar with bioinformatics realize the breadth of resources available worldwide.  
Adding the local links on the side under UNC Bioinformatics Partners to major UNC 
bioinformatics departments orients the user immediately to the most involved 
departments on campus.   The second section provides a starting point for those who 
stumble onto the database who are not familiar with the field of bioinformatics.  It 
includes major worldwide players such as NCBI and ExPASy, the premier resources for 
genetic and protein sequence analysis, among many other services.  The email in General 
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Information will eventually be an alias that points to the database administrator, but for 
now, it links to my email to receive any comments before I graduate.  About this 
Database will provide a shorter version of the statement of problem above and how I 
decided to solve it using this database. 
The main search interface required some thought as to what users would want to 
see, and what categories of questions they would understand.  A basic search box was the 
first thing that most people will expect to see, as they are familiar with search interfaces 
such as Google or the UNC library catalog that has a general search text box and button.  
However, finding a way to translate the data I had in the database into simple words that 
sum up the contents was quite difficult.  Finally, I decided to do two things.  First, I took 
the major entities from the database, and converted them to more user friendly phrases.  
For example, instead of simply “Department” I split the category into “Department” and 
“Core Facility,” since these two places can have very different services and resources 
available to UNC researchers.  Hopefully, the combination of free-text searching in the 
search box and the choice of limiters in the box next to it “Information Categorized by:” 
will provide users with the search refinement they will need. 
The second approach I used to improve usability was to create some preset 
queries for categories that combined two or more criteria from the entities and 
relationships.  Queries I created included: 
• Free Services (i.e. the Clinical Nutrition Research Center provides purity testing 
of RNA for free) 
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• Public Databases and Services (i.e. the Animal Models Core provides genomic 
DNA libraries to researchers both inside and outside of UNC, although there is a 
fee for the service) 
• Organism Specific Services (i.e. the Functional Genomics Core provides and runs 
microarrays for many organisms including D. melanogaster and E. coli) 
• Pay Services (all services that require a fee regardless of who is allowed to use it) 
• UNC Only Services (i.e. the Biometric Consulting Laboratory will only accept 
statistical analysis requests from faculty, staff, or students who are part of UNC) 
• All Services (comprehensive listing of all equipment, services, or laboratories 
available to researchers regardless of availability to the public, fees, or organism-
specific services) 
• Methods of Database Searching (i.e. Homology algorithms, protein structure 
prediction, etc) 
Through these general categories, users who are unsure of the exact resource they are 
looking for can assess the contents of the database.  If the general query list is too 
extensive to search through, they can return to the search screen with an idea of the 
vocabulary to use and refine their search in the searching text box.  As usage statistics of 
the database begin to arrive, these queries can be refined and added to in order to capture 
the greatest amount of information categories that are desired by users. 
Since this is an experimental Web interface, the Clear Search button was included 
in case certain aspects of the interface do not work out as well as planned, to reset the 
defaults and hopefully fix any bugs.  As the interface is tested and troubleshot, I 
anticipate removing this button in the future incarnations of the database.  The version of 
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the Web interface used in the culminating survey for this master’s project is 
below.
 
Figure 3 – Proposed Entry Page for Bioinformatics Database 
 
 The results page was more intuitive.  I chose a sample query that was more 
specific than the general preset queries listed above to demonstrate the level of 
discrimination available to users who narrowly define their questions for particular 
services.  As a result, the combination of “PCR” as an example of an available service, 
and “Open to all researchers” as the access policy, irregardless of fees.  This would give 
researchers a choice of the facility they wish to contact to run their PCR, and would 
indicate if any PCR machines were available for them to use in person, as opposed to 
laboratory-run services that would perform the technique for them. 
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 Choosing titles for the columns required some thought, since the titles I used in 
the Access database were targeted more towards someone who is familiar with the 
database and its terminology, and might not be intuitive to all users.  I replaced 
“Department” with “Hosting Department,” “Data Type” with “Biological Compound 
Analyzed,” “Responsibility” with “Laboratory-provided or Self-service,” “Access 
Policy” with “Access Policy of Service,” and “Email” with “Contact Email” to explain 
the purpose of the columns in a clear manner.  Once the categories were established, it 
was simply a matter of running the query through the database and displaying the results 
in a clear format. 
 I also included a temporary “Back to Search Page” button that allows users to 
return to their original query to edit the results. 
 
Figure 4 – Proposed Results Page for Bioinformatics Database 
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 After these screenshots were completed, they were integrated into a survey to gain 
user feedback on the interface, the types of data included in the database, as well as 
queries that users might ask in the future.  The survey is below in Appendix A, and the 
structure and limited results are discussed in the next section. 
 
VIII. Survey and Limited Results 
 
 Designing the survey took approximately two weeks.  I decided that I wanted to 
assess people’s responses in three major areas: 
1. Past use of directories and databases to locate bioinformatics resources, and an 
idea of what needs are not currently being answered. 
2. Opinions on the screenshots of the prototype Web interfaces, and an idea of 
what questions respondents would like the interface to answer. 
3. Non-identifying demographic information to classify the major participants in 
the survey. 
For the first section, I attempted to identify what resources respondents have used 
in the past when they were trying to find bioinformatics services or faculty members.  
This included directories of core facilities, faculty directories such as Community of 
Science or the UNC general directory, colleague referrals.  I also asked about the level of 
the respondent’s existing knowledge of bioinformatics resources, and faculty databases at 
UNC, and how complete they feel their knowledge is in these areas. 
Once I had assessed the respondent’s prior experience with bioinformatics 
resources and utilities, I asked them to indicate the information they would like to see in 
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the database.  This included many of the preset queries I had set up, some of the 
categories that I had created for services, as well as a text box for respondents to provide 
their own ideas.  Through these responses, I hope to provide more targeted queries for 
users to choose from in order to simplify the searching structure of the finished interface 
before I graduate.  In the future, the database administrator will hopefully use some of 
these results to contribute to a browsing tool that will allow a user to view all possible 
categories and drill down to the depth of information they desire. 
The second section concerned screenshots of the prototype Web interface and a 
sample results page.  Through a series of questions about sample questions, expected 
results, and expected ease of navigating through the interface, users’ opinions were 
collected on ways to improve the public face of this database once the coding has been 
done to make this interface live.  I attempted to limit the number of text boxes in a row 
during this portion, since many questions were short answer, but respondents tend to get 
tired quickly when faced with too many in-depth questions requiring original writing.  I 
mixed in a few radio button and checkbox questions to break up the monotony of 
multiple text boxes. 
Finally, the third section was a short demographics section to get an idea of who 
is filling out the survey and which groups of potential users are underrepresented and 
need to be specifically solicited for their opinion.  No identifying information was 
collected, as I concentrated on non-specific information about the respondent’s 
relationship to UNC and bioinformatics.  I asked for the respondent’s status (faculty, 
staff, student, etc.), school, department, years at UNC, and asked them to rate their 
involvement with bioinformatics.  These characteristics, taken as a whole, present a 
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picture of the respondent’s interest and future use of the database while protecting their 
identity. 
From the results already received, certain suggestions are excellent, and will be 
implemented as soon as possible for this database.  The hierarchical browsing tool 
mentioned earlier was one of the first suggestions that were an original, useful addition to 
the existing interface.  It will allow the user to fully exploit the large amount of 
information in the database by extending the search range of the interface.  Instead of 
pulling small queries out of the database through the search box, a user could browse 
through the entire list of faculty, and read through their research interests to discover new 
areas of research that they might collaborate on in the future.  Adding this browsing tool 
would be of major benefit to users as it will give them a better idea of the scope of the 
database.  It will also familiarize users with the controlled vocabularies used in many 
parts of the database to allow easier searching. 
Another useful suggestion was having a linked glossary taken from the 
operational definitions that will give users familiarity with the controlled vocabularies in 
an easier way than trial and error in failed queries.  Improving usability in any way 
possible is a top priority, and while every user will not consult this glossary, it can be a 
valuable added resource for those who have the patience to refine and plan their queries 
ahead of time. 
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IX. Future Plans 
 
 Future plans for this database include: 
1. Coding the PHP required to integrate the Web interface with the back-end 
database. 
2. Further explication of faculty research skills to identify personal expertise in 
an easily categorizeable format. 
3. Indexing of laboratory protocols, found on many faculty, laboratory and core 
facility pages, for other laboratories to follow and hopefully standardize. 
4. Responding to the concerns raised by the survey results and expanding the 
database to answer these expressed needs. 
5. Maintenance and updates to keep the bioinformatics information current as the 
research picture on UNC’s campus changes. 
While I will be unable to oversee these plans myself, leaving this database on the 
Health Sciences Library’s Internet space is the best chance that I have of gaining 
cooperation in maintenance and possible expansion of this database.  Other departments 
will be allowed to link freely to it, but I would prefer that it continue to be permanently 
housed on the Health Sciences Library server.  If, however, resources at the Health 
Sciences Library do not allow staff resources to be committed to this database, the 
Carolina Center for Genome Sciences has graciously offered to house it on their server 
space, and hopefully to finish any of the above objectives which the Health Sciences 
Library has not completed.  The Health Sciences Library has been advised of this offer, 
although the final decision has not been made yet. 
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X. Comments/Summary 
 
 I discovered many things about database creation, administration, and best laid 
plans while I was working on this Field Experience/Masters Project.  Over the course of a 
month, I identified two major needs in the relatively new field of bioinformatics, one 
global and one local, only to discover that others had already identified and were 
answering these needs.  Discovering a truly novel project is difficult to do and requires 
significant communication between the involved parties to ensure a minimum of 
duplication of effort.   
When the University of British Columbia actually created my first idea with their 
bioinformatics links directory, it caused me to realign my perceptions to the local arena, 
since the global question had just been answered, and answered well.  In hindsight, it is 
better that the University of British Columbia completed their directory first, since I 
doubt that I would have had the resources, and particularly the time, to create a 
comprehensive searchable list of worldwide bioinformatics databases.  Also, since I was 
leaving in May and maintenance of such a database would be a full-time task at the least, 
it is best that the Health Sciences Library did not have to bear the burden of trying to 
keep a world-wide database current, especially in the face of recent budget cuts.  The 
change in my project was, in the end, beneficial to all parties, teaching me to focus 
narrowly on projects unless I have a significant commitment to produce a quality project 
with broader aims and the resources to ensure proper maintenance in the future. 
My initial reaction to the local bioinformatics database was to modify what I had 
already created for the global database, and to immediately begin inputting data.  When 
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the Carolina Center for Genome Sciences updated their Web page on core facilities and 
indexed each facility’s services, although not in a searchable format, I realized the 
immense value of communication on UNC’s campus, and went to talk with them and 
explain what I was planning.  I was met with significant interest, and permission to use 
the links they had already indexed, as well as a request to link my database when I was 
finished.  This was quite encouraging, and I determined to notify the major branches of 
bioinformatics on UNC’s campus at this time of my plans.  These three branches were the 
Bioinformatics and Computational Biology (BCB) PhD program, the Carolina Center for 
Genome Sciences (CCGS), and the Center for Bioinformatics. 
Responses varied among these three branches.  The CCGS anticipated more of a 
need from incoming and graduate students for this database.  The BCB program 
anticipated a need from faculty to discover particular skills and others to collaborate on 
with their research, since the skills needed for bioinformatics research are spread across 
campus.  The Center for Bioinformatics seemed content with furnishing their own 
resources through GCG and other software that they own or have developed, and simply 
indicated support for my idea of a database. 
After accomplishing a minimal outreach portion of this project, I implemented my 
plan for this database, and tried to capture the variety of services and research ongoing at 
UNC with as many controlled vocabularies and lookup tables as I could create, and let 
only research interests be the true free text description that required keyword searching.  
Data entry was accomplished from late January through Spring Break beginning in early 
March of 2004.   
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The work to finalize the database took place the first week in March to get the 
maximum efficiency from sample queries and minimize the processing time and memory 
space needed for each table.  This made sure that the vocabularies matched, and would be 
easily searchable when the database was migrated to the Health Sciences Library’s server 
and attached to the Web interface. 
The week before Spring Break, however, it was decided that user studies would 
be of more use for my last month working on the database instead of attempting the 
coding to marry the database with the Web interface.  As a result, I had to complete the 
Institutional Review Board forms at the last minute before Spring Break.  Unfortunately, 
approval did not arrive until three weeks after submission of the forms.   
While I was waiting for the IRB approval to come through, I developed the Web 
survey’s JavaScript and edited the screenshots, as well as adding some more specific 
questions to the survey.  I also converted the consent form to HTML and created a click-
through acceptance button that directs the respondent to the survey.  I obtained the 
permission of Dr. Hemminger to use his name in the email invitation to the survey since 
he represents the School of Information and Library Science in the Bioinformatics and 
Computational Biology program.  I sent the invitation out over many emails lists to 
faculty in all involved departments with a request to forward the email to any other 
interested groups that they think would benefit from this database, and waited for results 
from the survey to arrive.  
I sent out the initial email invitation on Friday, March 26, 2004.  This was 
followed up with another email on Monday, April 5 after 8 responses had been received 
after the first email.  These and any received through April 7th provided enough responses 
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to draw some preliminary conclusions about how this database might be used and 
changed in the future. 
As I graduate in early May, I anticipate having a complete database that will 
allow future changes and expansions in research to be included as they become available 
and the Health Sciences Library sees fit to update the database.  I will also have a 
template for the Web interface and results from the user studies that will give future 
direction to the database administrator.  Overall, this was a valuable experience that 
taught me much about the components and iterations required to create an effective and 
useful database for patron use on a large research campus.  I hope to take this knowledge 
with me in my job search and utilize these skills for my future employer, and highly 
recommend the Health Sciences Library as a Field Experience site since the staff are 
friendly, helpful, and have been in their positions long enough to accrue a significant 
amount of technical and personal experience at library-related projects. 
In terms of a master’s project, this was a database that I am very glad I created, 
even if I did not have the time to see it through to completion in terms of integrating the 
individual parts.  Allotting the appropriate amount of time for a project like this, and 
making sure that all parts of the process are planned out ahead of time, however, is vital 
to success, and an area where I feel that I was lacking.  For future projects similar to this 
one, I would recommend better organization and planning to ensure that there is a 
completed finished product by the time the master’s paper is due.
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Appendix A: Web Survey 
Online at: http://www.unc.edu/~losi/bioinfosurvey.html
IRB form at http://www.unc.edu/~losi/irbform.html
 
 
 
UNC Bioinformatics Database Survey
 
Dear respondents,
As bioinformatics is a diverse and relatively new discipline, congregating all 
resources on a large research campus such as UNC's is quite a challenge. To 
answer this challenge, I have created a database that indexes the services and 
some of the research ongoing at UNC and will make the data searchable via a 
Web interface later this year. Before completing this task, however, I request 
your assistance in testing the proposed interface design to ensure that this 
system will be a useful resource for bioinformatics resource discovery at UNC. 
For a description of the database's content, please see the prior page. 
Please fill out the brief survey below and share your opinions on the 
development completed thus far. This survey will take between 5-10 minutes to 
complete. Thank you for your participation. 
 
Definition of Terms  
1. For the purpose of this survey, "bioinformatics resources" refers to the entire body 
of available services, databases, faculty research, and any other tools or 
procedures involved in bioinformatics.  
2. "Bioinformatics services" refers to analysis tools that require particular expertise, 
such as PCR (polymerase chain reaction elongation of DNA fragments), 
microarray analysis, or provision of mutant mice. This incorporates laboratories 
that will perform the service as well as facilities that provide equipment for 
researchers to use with minimal or no guidance from technicians.  
3. "Bioinformatics databases" refers to the algorithms or data stores that faculty 
members have created and compiled over the course of their research to aid in 
certain areas of bioinformatics research. Examples of these databases and 
algorithms include programs to predict protein structure from amino acid 
sequences, programs that extract random samples from population data sets, and 
programs that archive translation frameshifting in ribosomal reading of mRNA.  
37  
 
Part 1: Past and future database use 
Familiarity and experience with UNC bioinformatics resources: 
1. Do you feel confident that you are familiar with most of UNC's 
bioinformatics resources? 
Yes    No    
Not sure     
2. Have you ever used a directory of core facilities to locate 
available laboratory services at UNC? Yes    No    
3. Have you ever used the Community of Science through the 
Grant Source Library or a similar directory to locate faculty 
members with particular skills or research interests? 
Yes    No    
4. Have any colleagues from Duke, NC State, or any other 
universities across the world contacted you regarding 
bioinformatics resources that they would like to locate and use 
here at UNC? 
Yes    No    
5. Do you ever use other faculty members' databases or algorithms 
they have written to aid your research? Yes    No    
6. Do you feel that you are familiar with most of the databases and 
programs that faculty at UNC are producing for bioinformatics? 
Yes    No    
Not sure    
Using this database in the future: 
7. What information about UNC-CH bioinformatics resources would you be 
interested in finding? 
 
  Services without fees (i.e. the Clinical Nutrition Research Center provides purity 
testing of RNA for free) 
 
  Databases and services open to the public (i.e. the Animal Models Core provides 
genomic DNA libraries to researchers both inside and outside of UNC, although 
there is a fee for the service) 
 
  Services targeted towards specific organisms (i.e. the Functional Genomics Core 
provides and runs microarrays for many organisms including D. melanogaster and 
E. coli) 
 
  Services for UNC researchers only (i.e. the Biometric Consulting Laboratory will 
only accept statistical analysis requests from faculty, staff, or students who are part 
of UNC) 
   All services available (this would list all services regardless of availability to the 
38  
public, fees, or organism-specific services) 
   Listing of departments involved in bioinformatics research 
 
  All resources sorted by biological type (Provide listing of all resources pertaining 
to a particular type of compound, i.e. DNA, Protein, etc.) 
 
  Databases and algorithms that faculty have created or collaborated on (see 
Definition of Terms above) 
 
  Core facilities and their services (Listing of all core facilities regardless of 
affiliation with specific schools, and all of the services they provide, limited by 
criteria of your choice) 
 
  Laboratory equipment available for use (i.e. mass spectrometer, microarrays, 
microscopes, etc.) 
   None of the above 
   Other: please specify  
  
 
Part 2: Web interface design 
The screenshots below illustrate what the database interface will look like. Please answer 
the short questions below each, then leave any other comments in the text boxes. 
Figure #1: Main Search page 
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To see all of the options in the drop down boxes pictured in this screenshot, please visit 
http://www.unc.edu/~losi/screenshot.html. This link will open in a new window. 
1. What is a sample question you would type in the search box? 
              
2. What information or results would you expect to obtain from using this search 
page? 
              
3. Do you think this search page would be easy to use? 
   Extremely easy to use 
   Very easy to use 
   Fairly easy to use 
   Not very easy to use 
   Not at all easy to use 
4. Please elaborate on your answer above 
              
5. What questions do you have about UNC's bioinformatics resources that do not 
appear to be addressed by the options on this search page? 
              
6. What would you consider the best feature of this search page? 
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7. What would you consider the feature of this search page that needs the most 
improvement? 
              
8. Please enter any other comments about this main search page in the box below 
              
  
Figure #2: Search Results page 
For a larger image, please visit http://www.unc.edu/~losi/secondpage.html. This link will 
open in a new window. 
For the results shown above from the query "PCR" as a service and 
"Open to all researchers" as the chosen access policy: 
9. Would you understand the results on the above Web page if this was your query? 
Yes   No   Not sure 
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10. Are the headings for the columns appropriate to the content? Yes   Not 
really   Definitely not 
11. If you answered "Not really" or "Definitely not" to the above question, please 
give an idea of what headings you would like to see. 
              
12. Are the terms for the column headings easily understood? Yes   Not 
really   Definitely not 
13. Is there any other information you would like to see in a query like this one? 
   Contact Name 
   Web address of facility 
   Facility location 
   Other, please specify:  
14. What would you consider the best feature of the search results page? 
              
15. What would you consider the worst feature of the search results page? 
              
16. Please enter any other comments about the search results page in the box below 
               
 
Part 3: Demographics 
Almost done! 
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1. What is your status at UNC? 
Faculty    Staff    Postdoctorate    Graduate student    Undergraduate 
student 
Other: please specify  
2. What school are you affiliated with? 
 
2a. What department are you a member of? 
 
3. How many years have you worked at/attended UNC? 
Less than one year   One to three years   Three to six years   Six to ten 
years   More than ten years   N/A 
4. How would you rate your involvement in bioinformatics on campus? 
Primary focus   Secondary focus   Sometimes a focus   Very 
occasionally   Not at all 
Thank you for your cooperation and feedback on this survey! When this 
database is operational, a notice will be sent to the bioinfo-lib listserv. Best of 
luck in the rest of the semester. 
If you have any questions about this project, please contact Health Sciences 
Library staff. 
Submit
     
Clear Information
 
 
Created by Patricia Losi on March 4, 2004. 
Last Updated: March 15, 2004.  
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Appendix B: Listservs Solicited for the Survey 
1. bioinfo@listserv.unc.edu 
2. bioinfo-lib@listserv.unc.edu 
3. bioinfo-sils@listserv.unc.edu 
4. bioinfo-paper@listserv.unc.edu 
5. bioinfofaculty@listserv.unc.edu 
6. bioinfostudents@listserv.unc.edu 
7. genetics_dept_faculty@listserv.unc.edu 
8. biochemi@listserv.unc.edu 
9. cffproteomics@listserv.unc.edu 
10. cgsfaculty@listserv.unc.edu 
11. cgsresourcefaculty@listserv.unc.edu 
12. mfbr@listserv.unc.edu 
13. mp_genomics@listserv.unc.edu 
14. nrblabs@listserv.unc.edu 
 
